EXPRESSION VECTOR CONTAINING LECTIN GENE REGULATION SITE OF MUD 
LOACH 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

The present invention relates to an expression vector containing lectin gene 
regulation site of mud loach for producing transgenic fishes. More particularly, it relates to an 
expression vector of mud loach or carp growth hormone gene fused to lectin gene regulation 
site of mud loach, and a method of producing a fast-growing transgenic mud loach or carp by 
transforming it with the expression vector, and a transgenic mud loach or carp produced 
thereby. 

2. Description of the Related Art 

Transgenesis of fish is considered to provide a useful model for the research in 
expression and regulation of vertebrate genes and to produce a novel fish strain having a 
useful function; thereby to overcome the limit of productivity increase which remains 
unsolved in the conventional fish breeding (Iyengar, A., Mullet, F. and Maclean, N., 1996. 
Regulation and expression of transgenes in fish a review. Transgenic Research 5, 147-166; 
Dunham, R.A., Devlin, R.H., 1999. Comp^son of traditional breeding and transgenesis in 
farmed fish with implications for growth enhancement and fitness. In: Murray, J.D., 
Anderson, G.B., Oberbauer, A.M., McGloughlin, M.N. (Eds), Transgenic animals in 
agriculture. CAB International, Wallingford, UK, pp. 209-229). In an early stage of fish 
transgenesis, mammal or microorganism gene regulation sites are used to produce transgenic 
fishes. However, since the mammal or microorganism gene regulation sites were known to 



have little effect on fish cells, many efforts have been made to acquire new fish-originated 
promoters for developing transgenic fish. 

Most of efforts to produce transgenic fishes for increasing productivity have been 
concentrated on the improvement of growth rate due to the recombination of growth hormone 
gene. However, for all the attempts at various fishes, successful improvements of growth rate 
have been limited to several fishes. Further, those fish-originated promoters to be used in fish 
transgenesis have been also limited to several species and applications. Up to this time, 
successful examples of improvement of growth rate and transformation have been transfer of 
the MT promoter of sockeye salmon and AFP promoter of ocean pout fused with salmon 
growth hormone gene into salmon species (Devlin, R.H., Yesaki, T.Y., Biagi, C.A., 
Donaldson, E.M., Shan, R.M., 1994. Extraordinmy salmon growth. Nature 371, 209-210; 
Devlin, R.H., Yesaki, T.Y., Donaldson, E.M., Du, S.J., Hew, C.L., 1995. Production of 
germline transgenic Pacific salmonids with dramatically increased growtii performance. 
Canadian Journal of Fisheries and Aquatic Science 52, 1376-1384; Hew, C.L., Fletcher, G.L. 
and Davies, P.L., 1995. Transgenic sahnon: tailoring the genome for food production. Journal 
of Fish Biology ^7, 1-19) or into tilapia (Rahman, M.A., Mak, R., Ayad, H., Smith, A., and 
Maclean, N., 1998. Expression of a novel piscine growtii hormone gene results in growth 
enhancement in transgenic tilapia (Orechromis niloticus). Transgenic Research 7, 357-369), 
transfer of CMV promoter fused with growth hormone gene cDNA of tilapia into tilapia 
(Martinez, R., Estrada, M.P., Berlanga, J., Guillen, I., Hernandez, O., Cabrera, E., Pimentel, 
R., Morales, R., Herrera, F., Morales, A., Pina, J.C., Abad, Z., Sanchez, V., Phillippa, M., 
Lleonar, R. and Fuente, J., 1996. Growth enhancement in transgenic tilapia by ectopic 
expression of tilapia growth hormone. Molecular Marine Biology and Biotechnology 5, 62- 
70), transfer of P -actin promoter of carp fused with growth hormone gene cDNA of carp into 



carp (Hinits, Y. and Moav, B., 1999. Growth performance studies in transgenic Cyprinus 
carpio. Aquaculture 173, 285-296), and transfer of expression vector of mud loach growth 
hormone containing ^ -actin promoter of mud loach into mud loach (Nam, Y.K., Noh, J.K., 
Cho, Y.S., Cho, H.J., Cho, K.N., Kim, C.G. and Kim, D.S., 2001. Dramatically accelerated 
5 growth and extraordinary gigantism of transgenic mud loach {Misgurnus mizolepis). 
Transgenic Research 10, 353-362). Except the success of virus-originated CMV promoter 
transferred into tilapia, promoters and regulation sites of the same or related fish species have 
been used as expression vectors of growth hormone. 

In these successful examples, however, the effects cover a wide range from a limited 

o 

fflO improvement of growth rate to a greatly accelerated growth rate by dozens of times according 

i 

fl^ to the expression vector and fish species to be used. Further, some promoters have been too 
effective to result in physiological deformation and adverse effect caused by an excessive 
If I expression of growth hormone (Dunham, R.A., Devlin, R.H., 1 999). 

IIJ A mud loach (Misgurnus mizolepis), a representative fresh-water fish species in 

Ms Korea, has been widely used as an excellent food in Korea and Japan and the scale of its 
market and consumption is extending. However, due to a contamination of natural basin 
system and reclamation of rivers, the amount of natural catch decreases every year. 
Accordingly, culturing of mud loaches becomes inevitable and improvement of its breed 
through transgenesis is required to increase the productivity in a short time. 
20 A possibility of transforming mud loach has been recognized when an expression 

vector of mud loach growth hormone gene containing ^ -actin gene regulation site of mud 
loach was transferred into a fertilized egg to show a great growth acceleration effect. 
However, since the P -actin promoter to be used for the transgenesis has an excessive activity 
to various tissues, some of transgenic mud loaches show an excessive growth acceleration 



and grow to an unnecessary large size; therefore, more stable expression vector is required to 
be developed (Nam et ah, 2001). 

A carp (Cyprinus carpio) is one of fishes to be cultured widely in the world 
containing Korea. For all the attempts to improve carp breeds all over the world, a great 
5 increase of productivity is considered to be difficult for some time. Accordingly, transgenic 
carp of high growth rate are inevitable to increase productivity. 

Research in transgenesis targeted on a carp has been made by some of groups. For 
example, Fu et al. led to a fast-growing carp by using an expression vector containing human 
growth hormone gene fused with mouse MT promoter (Fu, C, Cui, Y., Himg, S.S.O. and 
10 Zhu, Z., 1998. Growth and feed utilization by F4 human growth hormone transgenic carp fed 
'■'^ diets with different protein levels. Journal of Fish Biology 53^ 115-129), which had only 
slight improvement of growth rate and gave unwillingness about the genes and regulation 
sites originated fi-om human. Further, Hinits and Moav (Hinits, Y. and Moav, B., 1999) tried 

m I to transform a c^ by using carp P -actin promoter and carp growth hormone cDNA, which 

b 

r45 showed also lower improvement of growth rate than two times except the result of winter 
period experiment. Therefore, a transgenic carp expected to improve the productivity greatly 
has not yet been developed. 

Considering the above, a transgenesis of mud loach or carp is required to improve 
their culturing productivity, and therefore, a demand for developing an expression vector 
20 which expresses the transferred genes in an effective and stabilized manner in mud loach or 
carp and gene regulation site therefor is increasing. 



SUMMARY OF THE INVENTION 



4 



To improve the culturing productivity by producing a fast-growing transgenic mud 
loach or carp, it is an object of the present invention to provide a gene regulation site which 
can express the genes transferred into a mud loach or carp in an effective and stabilized 
manner, and an expression vector containing the gene regulation site. 
5 It is another object of the present invention to provide a fast-growing mud loach and 

carp transformed witii the expression vector, and a method of producing a fast-growing 
transgenic mud loach and carp xjsing the expression vector. 

To achieve the object of the present invention, there is provided an isolated 
f - polynucleotide comprising a lectin gene regulation site of a mud loach, expressed as SEQ ID 
;J0 NO: 1. 

C- ^ accordance with a further aspect of the present invention, there are provided an 

i,"' expression vector comprising a lectin gene regulation site of a mud loach, an expression 
vector comprising a lectin gene regulation site of a mud loach and a growth hormone gene of 
a mud loach, and an expression vector comprising a lectin gene regulation site of a mud loach 

15 and a growth hormone gene of a carp. 

In accordance with still another aspect of the present invention, there are provided a 
method of making a transgenic mud loach or carp comprising microinjecting the expression 
vector into fertilized eggs of a mud loach or carp and culturing the eggs such that the eggs 
hatch and result in a mud loach or carp fish which expresses the growth hormone gene at 

20 levels which increase the rate of growth of the fish relative to wild-type mud loach or carp, 
and a mud loach or carp transformed with the expression vector. 

In the present invention, a lectin gene and regulation site containing its promoter is 
isolated from a mud loach, and then the lectin promoter is fused with various structural genes 
(e.g., genes for coding such reporter proteins as CAT or BFP) to construct reporter expression 

5 



vectors, which confirm the ability of the lectin promoter to induce expressions in vivo. 
Especially, an expression vector of growth hormone gene containing the lectin gene 
regulation site of a mud loach is transferred into a mud loach or carp to produce a fast- 
growing transgenic fish breed, tiiereby increasing culturing productivity. 

BRIEF DESCRIPTION OF THE DRAWINGS 
The above object and advantages of the present invention will become more 
apparent by describing in detail a preferred embodiment thereof with reference to the attached 
drawings in which: 

FIG. 1 shows a restriction en2yme map of a phage DNA containing the lectin gene of 
a mud loach and sequencing strategy; 

FIGs. 2a to 2c show the entire DNA sequence of the lectin gene and its regulation 
site of a mud loach; 

FIG. 3 is a diagram showing a manufacturing process of the expression vector of 
BFP containing the lectin gene regulation site of a mud loach (pmlectBFP); 

FIG. 4 is a diagram showing a manufacturing process of the expression vector of 
CAT containing the lectin gene regulation site of a mud loach (pmlectCAT); 

FIG. 5a is a photograph showing the PCR analysis of pmlectBFP that is transferred 
into a mud loach liver; 

FIG. 5b is a photograph showing the PCR analysis of pmlectCAT that is transferred 
into a mud loach liver; 

FIG, 6a is a photograph showing the RT-PCR analysis of mRNA expressed from 
pmlectBFP that is traisferred into a mud loach liver; 



FIG. 6b is a photograph showing the RT-PCR analysis of mRNA expressed from 
pmlectCAT that is tr^sferred into a mud loach liver; 

FIG. 7 is a graph showing the expressions of pmlectBFP and pmlectCAT that are 
transferred into a mud loach liver; 
5 FIG. 8 is a diagram showing a manufacturing process of the expression vector of a 

mud loach growth hormone gene containing the lectin gene regulation site of a mud loach 
(pmlectmGH); 

FIG. 9 is a photograph showing the PGR isolation of the growth hormone gene from 

: a carp gDNA; 

rlO FIG. 10 is a diagram showing a manufacturing process of the expression vector of a 

f~, carp growth hormone gene containing the lectin gene regulation site of a mud loach 
r (pmlectcGH); 

'■f" FIG. 11 is a photograph showing the pmlectmGH-transgenic mud loach of eight 

; ' months old compared with its normal mud loach sibling; 

1,15 FIG. 12 is a graph showing the feed conversion efficiency of the pmlectmGH- 

transgenic mud loach and non-transgenic sibling group; 

FIG. 13 is a photograph showing the PGR analysis of a fast-growing carp group that 
is deviated from a normal distribution in the pmlecfcGH-transgenic group; 

FIG. 14 is a photograph showing the pmlectcGH-transgenic carp of seven months old 
20 compared with its normal carp sibling; and 

FIG. 15 is a graph showing the growth curve of the pmlectcGH-transgenic carp group 
and non-transgenic sibling group. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
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The present invention will now be described by the following embodiments in more 
detail with reference to the accompanying drawings. However, these embodiments are 
illustrations only provided for a better understanding of the invention, not for the purpose of 
limiting. 

5 The foUowings are the process of manufacturing a regulation site containing a lectin 

gene promoter of mud loach, an expression vector of growth hormone containing the 
regulation site, and a fast-growing mud loach and carp transformed with the vector. 

L Cloning of the lectin gene regulation site of a mud loach and examination of its 

ability to induce gene expression. 
pio Using a lectin cDNA expressed in a mud loach liver as a probe, a lectin gene and its 

J regulation site are isolated from a mud loach gDNA library and their sequences are analyzed. 
I/: With the analysis of DNA sequence, PGR is carried out to obtain the lectin gene regulation 
H site, which is then incorporated into pGEM-T easy vector. A competent bacteria, XLl-Blue 
Jr! MRF' is transformed with the vector and a recombinant plasmid (pmlectP) containing the 
lectin gene regulation site (2.3 kb) is identified. 

Then, an expression vector of BFP (pmlectBFP) and one of CAT (pmlectCAT), both 
of which contain the lectin gene regulation site of a mud loach, are manufactured. 

After the reporter expression vectors (pmlectBFP and pmlectCAT) are injected into a 
mud loach liver, PGR analysis of the pmlectBFP and pmlectGAT is carried out to confirm the 
20 successful transfer of the BFP and GAT genes. Further, RT-PGR analysis of mRNAs 
expressed from the pmlectBFP and pmlectGAT is carried out to confirm their successful 
expressions in the liver. The expression of BFP protein is identified by fluorometric analysis 
on the liver tissue transferred with the pmlectBFP. The expression of GAT protein is 
identified by performing GAT-ELISA on the liver tissue teansferred with the pmlectGAT. 



Accordingly, it is confirmed that the lectin gene regulation site of a mud loach can induce 
expressions of foreign genes in a mud loach liver. 

2. Manufacture of an expression vector of a growth hormone gene containing the lectin 
gene regulation site of a mud loach. 
5 A segment containing lectin gene regulation site (2.3 kb) separated firom the pmlectP 

is ligated with pmlGH, the plasmid containing the growth hormone gene of a mud loach, to 
obtain an expression vector of a mud loach growth hormone gene containing the lectin gene 
regulation site of a mud loach (pmlectmGH). 

In order to manufacture an expression vector of a carp growth hormone gene 

10 containing the lectin gene regulation site of a mud loach (pmlectcGH), the carp growth 

f- 

hormone gene (2.4 kb) separated firom a carp gDNA is cloned into pGEM-T-easy vector by 
TA cloning (pGEMTcGH), from which the carp growth hormone gene (2.4 kb) is recovered 
by Sac 11 and then ligated with pmlectP that is digested with the same restriction enzyme. 
3^ Production of a fast-growing mud loach and carp 

15 ( 1 ) A fast-growing mud loach 

The expression vector of a mud loach growth hormone (pmlectmGH) containing the 
lectin gene promoter of a mud loach is micrornjected into fertilized eggs of a mud loach and 
hatched to prod\ice a fast-growing transgenic mud loach. 

The transgenic groups have shown heavy body weights deviated from a normal 

20 distribution and have the growth ratio of seven times higher compared with its normal mud 
loach sibling. Further, the transgenic male groups randomly selected from the first generation 
mud loaches have shown incidence of transgenic progeny of 26~42 % to make mosaic form 
of the first generation (FO) transgenic mud loaches. The second generation (Fl) transgenic 
groups have shown an acceleration of 6~10 times for the time required to be a commercially 



available size compared with non-transgenic sibling groups. The feed conversion efficiency of 
the transgenic mud loach (Fl) has been about 1.5 times higher than that of non-transgenic 
sibling groups. 

(2) A fast-growing carp 

In order to confirm that the lectin gene promoter according to the present invention 
can induce the expression of other fishes such as a carp, the expression vector (pmlectcGH) 
containing a carp growth hormone gene and a lectin gene promoter of a mud loach is 
microinjected into fertilized eggs of a carp and hatched to produce a transgenic carp. 

The body weight distribution of the transgenic groups and non-transgenic groups has 
shown that the incidence of the fast-growing individuals which laid outside a normal 
distribution was 23 % of the whole microinjected group. In four months after hatched, the 
cumulative survival ratio of the FO population of the transgenic groups to non-transgenic 
siblings has shown no significant difference and both groups have survival rates not less than 
95 %. Further, the transgenic carp groups have significant increase of body weight after 30 
days fi-om the begiiming of the experiment, and the mean body weight of the transgenic 
groups has been more than 3 times the weight of non-transgenic siblings on the last seventh 
month. 

The following examples are intended to fiirther illustrate the present invention 
without limiting its scope. 

Example 1 : Cloning of a lectin gene regulation site of a mud loach and examination of its 
abilitv to induce gene expression 

1 . Separation of a lectin gene and its regulation site fi:om a gDNA library of a mud 
loach. 

(1) As a probe for identifying a lectin gene firom a gDNA library, an EST clone 
10 



having high affinity with a lectin gene cDNA to be reported was selected Mnong the EST 
clones expressed in mud loach liver (GenBanlcr=http://www.ncbi.nlm.nih.gov). The probe was 
labeled with digoxygenin 11-dUTP (Roche Molecular Biochemicals, Germany) by using PCR 
and used for library search. 
5 (2) The titer of a phage containing a mud loach genomic DNA library was adjusted to 

make 500,000 plaques through the infection into host cell KW251, on which filter 
hybridization was carried out using the above probe. For the selection from the genomic DNA 
library, ten clones of 50,000 lambda phage plaque were prepared on the culture medium in 
150 mm petridish, and the prepared genomic clones were moved into nylon membranes to 
^10 carry out screening through filter hybridization. The filter hybridization was carried out using 
r Non-radioactive digoxygenin labeling and detection kit (Roche). Screening was carried out 
three times to each clone selected in tiie first screening and then the clones indicating 100 % 
positive signal in the last hybridization were selected, 
ff: (3) Six positive clones were selected through the above process, fi-om which one 

1=15 positive phage DNA was separated. The separated DNA was digested with one or various 
combinations of the restriction enzymes including BamHI, EcoRI, HindHI, Sad, Kpnl, Xbal, 
Xhol, and PstI, and then restriction enzyme map was made by comparing the size of the 
segments on electrophoresis. To identify a segment containing the lectm gene, Soutiiem blot 
was carried out using the probe prepared in the process of (1). The lectin gene segment was 
20 recovered through the treatment with restriction enzymes and subcloned into the plasmid 
vector, pBlueScript II KS (-)(Stratagene, USA). 

(4) The restriction enzyme map of the subcloned lectin gene was made according to 
the process of (3). Based on the map, the segments of which one ends were deleted 
successively were subcloned again and the DNA sequence was analyzed by means of the 



erase-a-base metiiod using exonuclease HI . FIG. 1 shows a restriction en2yme map of a 
phage DNA containing the lectin gene of a mud loach and sequencing strategy. 

DNA sequence of each subcloned segment was analyzed using ABI 377 automatic 
sequence analyzer (PE Biosystem, USA) and Sigdye Terminator Sequencing kit (PE 
Biosystem, USA) and the sequence of each segment was combined into the entire DNA 
sequence using sequencing software Sequencher (GeneCodes, USA). 

Analysis of the amino acid sequence and gene information by means of searching 
GenBank for the entire DNA sequence indicates that the separated gene is C-type lectin. FIG. 
2 shows the entire DNA sequence of the lectin gene and its regulation site of a mud loach. In 
FIG, 2, the underlined part is the lectin gene regulation site of a mud loach that is used in the 
expression vector of the present invention. 

SEQ. ID. No: 1 shows the DNA sequence of the lectin gene regulation site of a mud 
loach and SEQ. ID. No: 2 shows the entire DNA sequence of the lectin gene and its 
regulation site of a mud loach. 

(5) With reference to the above DNA sequence, a translation start codon ATG was 
identified. Based on the restriction enzyme map information of the phage DNA, the 5' upper 
part containing the translation start codon was subcloned into the plasmid pBS n KS and the 
DNA sequence was analyzed (FIG. 2). To separate the 5'-upstream regulation site of 2.32 kb 
to be required, a forward primer lecP IF and reverse primer lecP IR were determined as 
follows: 

lecP IF: 5'-AAG AGT GTG GCT TTG ACC C-3' (SEQ. ID. No: 8) 
lecP IR: 5'-GGA AAA GTG ACA CAT CTG C-3' (SEQ. ID. No: 9) 
Using these primers, PCR was carried out on the templates of the phage DNA 
containing the lectin gene regulation site under the following condition. 

12 



(Composition of solution for PGR) 

Distilled water 2% }d 

1 OX PGR buffer with 1 5 mM MgGlz (Roche) 5 sd 

1 OX dNTPs (each 2.5 mM) 5 id 

5 5 uM of forward primer lecP IF 5 id 

5 uM of reverse primer lecP IR 5 id 

Taq DNA polymerase (Roche, 5 \m\Xlid) 1 id 

Template DNA (50 ng//i«) 1 id 
(Gondition for PGR) 



10 1 cycle: Initial denaturation at 94 for 2 minutes 

30 cycles: Denaturation at 94 °C for 1 minute, annealing at 60 V, for 30 seconds, and 
extension at 72 "C for 1 minute and 30 seconds. 

1 cycle: Final extension at 72 °C for 5 minutes 

(6) For only the regulation site to be cloned into the plasmid vector, residual primers 
15 and dNTPs were removed from the PGR products by PGR purification system (Promega). 
After the purification, the regulation site was ligated with pGEM-T easy vector (Promega). 
The hgation was carried out in the following solution at 4 t) for 12 hours. 
(Composition of ligation mixture solution) 



2X T4 ligase buffer 5 id 

20 pGEM-T easy vector 1 id (50 ng) 

PGR product 1 M (1 00 ng) 

Distilled water 2 id 

T4 DNA ligase 1 id 
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After the completion of ligation, 5 of the ligation mixture was used to transform 
competent bacteria (XL 1 -Blue MRF') by CaCb method. The recombinant plasmid containing 
the correct PCR product (2.3 kb of lectin regulation site) was identified and named pmlectP. 
The plasmid pmlectP was introduced into E. coli XLl-Blue MRF' and deposited with the 
KCTC as accession number KCTC 10124BP on November 22, 2001. 

2. Manufacture of an expression vector of a reporter gene containing the lectin gene of 
a mud loach. 

(1) The commercial pQBISO (Takira), an expression vector of BFP (blue 
fluorescence protein), was digested with Apa I and Sac 11 to obtain a BFP gene segment of 
0.8 kb, which was then moved into a pGEM T easy vector at the site between Apa I and 
Sac n . The plasmid was digested with Sal I and Sac 11 , and the pmlectP was digested with 
Sal I and Sac 11 to obtain the lectin gene regulation site of a mud loach, which was then 
ligated with the plasmid segment to manufacture an expression vector pmlectBFP (6.2 kb) 
containing the lectin gene regulation site of a mud loach and Uie BFP gene. FIG. 3 is a 
diagram showing a manufacturing process of the expression vector of BFP containing the 
lectin gene regulation site of a mud loach (pmlectBFP). 

(2) The plasmid pBS II KS containing a CAT (bacterial chloramphenicol 
acetyltransferase) gene was digested witii Sac n and Spe I , and pmlectP was digested with 
the same enzymes to obtain the regulation site, which was then ligated with the plasmid 
segment to manufacture an expression vector pmlectCAT (6.1 kb) containing the lectin gene 
regulation site of a mud loach and the CAT gene. FIG. 4 is a diagram showing a 
manufacturing process of the expression vector of CAT containing the lectin gene regulation 
site of a mud loach (pmlectCAT). 

3. Confirmation of the ability of the lectin regulation site to induce expression by direct 
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injection into a mud loach liver. 

(1) The reporter expression vectors (pmlectBFP and pmlectCAT) were used to test 
the ability of the lectin regulation site of a mud loach to induce gene expression. The 
pmlectBFP plasmid DNA was prepared at the concentration of 20 or 40 ptg of DNA mSQ fd 

5 of phosphate buffer (PBS, pH 7.4). After its abdominal incision, 20 or 40 fig of pmlectBFP 
plasmid DNA (50 id) was injected into Uver tissues of mud loaches using 0.5 cc 1/26 G 
syringe. After tiie injection, the incised portion was restored with surgical thread. Four mud 
loaches were injected with each concentration of DNA, and four mud loaches of control 

IX. group were injected with 50 fd of PBS. After the transfer, the mud loaches of the test and 

Ft 

H.0 control groups were moved to an aquarium maintained at 25 °C . 

t" 

In the same way described above, the pmlectCAT gene was transferred into a mud 
^ loach liver to be used for analyzing the ability to induce expression. 

(2) On four days after the injection, liver tissues were surgically removed from the 
; ' mud loaches injected. In order to identify the plasmid to be injected into the liver tissue, small 

15 amoimt of tissue (10 mg) was collected from each sample and DNA was extracted from the 
samples for PGR analysis. As primers for the PGR, BFP IF and BFP IR were used for 
detecting the BFP gene, and CAT IF and CAT IR were used for detecting the CAT gene. 
BFP IF: 5'-GGC GAG AAG TTC TCT GTC AGT G-3' (SEQ. ID. No: 1 0) 
BFP IR: 5'-GGG GAG ATT GTG TGG AGA GG-3' (SEQ. ID. No: 1 1) 
20 CAT IF: 5'-GTA TAA CCA GAG GGT TGA GG-3' (SEQ. ID. No: 12) 

CAT IR: 5'-GGG GGG GCG GTG CCA GTG ATG GGA G-3' (SEQ. ID. No: 13) 
Using each pair of primers, PGR were carried out under the following condition: 
(Composition of solution for PGR) 
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Distilled water 28 pA 

1 OX PGR buffer with 1 5 mM MgCb (Roche) 5 fd 

1 OX dNTPs (each 2.5 mM) 5 id 

5 uM of forward primer 5 id 

5 5 uM of reverse primer 5 }d 

Taq DNA polymerase (Roche, 5 wmXlfd) 1 id 

Template gDNA (200 n'gjid) 1 id 
(Condition for PGR) 



K 

P 1 cycle: Initial denaturation at 94 °C for 2 minutes 

f- 

^0 30 cycles: Denaturation at 94 t! for 1 minute, annealing at 58 °C for 1 minute, and 

L': extension at 72 "C for 1 minute and 30 seconds. 

1 cycle: Final extension at 72 °C for 3 minutes. 

FIG. 5a is a photograph showing the PGR analysis of pmlectBFP that is transferred 
into a mud loach liver, and FIG. 5b is a photograph showing the PGR analysis of pmlectGAT 

15 that is transferred into a mud loach liver. In FIG. 5a, M is 1 kb ladder (Gibco BRL), lanes 1-3 
indicate control tissues injected with PBS alone, lanes 4~6 indicate tissues injected with 20 
fig of pmlectBFP, and lanes 7-10 indicate tissues injected with 40 fig of pmlectBFP. In FIG. 
5b, M is 1 kb ladder (Gibco BRL), lanes 1~3 indicate control tissues injected with PBS alone, 
lanes 4—6 indicate tissues injected with 20 iig of pmlectGAT, and lanes 7—9 indicate tissues 

20 injected with 40 p.g of pmlectGAT. As shown in FIGs. 5a and 5b, PGR products amplified 
from the BFP ^d GAT genes are detected in all tissues injected with the plasmid DNA, 
which indicates successfiil gene transfer. 
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(3) To identify the synthesis of a BFP and CAT mRNA, total RNA was extracted 
from half of the liver tissue (about 0.2 g) and RT-PCR was carried out. TriPure isolation kit 
(Roche) was used to separate the total RNA from the tissues. 1 fig of the RNA was treated 
with 10 units of DNase I (Promega) at 37 °C for 1 hour to remove the residual DNA 

5 contaminants in separated RNA samples. After the reaction was completed, the reactant was 
placed at 90 °C for 10 minutes to inactivate the DNase. 1 [ig of the RNA was taken to carry 
out RT-PCR with one-step RT-PCR system (Roche). That is, reverse transcription was carried 
out at 50 Xl for 1 hour, and then followed successively 30 cycles of PCR. The primers were 
: the same as those to be used in the reaction described in (2). 

)Ao FIG. 6a is a photograph showing the RT-PCR analysis of mRNA expressed from 

5 

-ip pmlectBFP that is transferred into a mud loach liver; and FIG. 6b is a photograph showing the 
s RT-PCR analysis of mRNA expressed from pmlectCAT that is transferred into a mud loach 
liver. In FIG. 6a, M is 1 kb ladder (Gibco BRL), lanes l~-3 indicate control tissues injected 
with PBS alone, lanes 4-6 indicate tissues injected witii 20 p.g of pmlectBFP, and lanes 7~10 
15 indicate tissues injected with 40 [ig of pmlectBFP. In FIG. 5b, M is 1 kb ladder (Gibco BRL), 
lanes 1 and 2 indicate control tissues injected with PBS alone, lanes 3~5 indicate tissues 
injected with 20 [ig of pmlectCAT, and lanes 6~8 indicate tissues injected with 40 p,g of 
pmlectCAT. As shown in FIGs. 6a and 6b, the BFP and CAT genes are successfully expressed 
in a liver. Accordingly, the abiUty of the lectin gene" regulation site to induce the expression of 
20 the reporter gene has been confirmed by the mRNA lebel. 

(4) The synthesis of the BFP and CAT protein was identified by the expression of 
pmlectBFP and pmlectlCAT injected with liver tissues. The expression of pmlectBFP was 
identified on the tissues injected with pmlectBFP using a fluorometer. Specifically, 0.1 g of 
the liver tissue was homogenized in 2 m?. of an exfraction buffer (200 mM tris, pH 8.0, 0.1 



mM PMSF), and then centrifuged at 5,000 rpm for 10 minutes to remove the ungroimd tissue 
and groimd dregs. The supernatant was taken and its intensity of fluorescence was determined 
at 460 nm. 

Further, CAT-ELISA was carried out on the liver tissue injected with pmlectCAT to 
identify the expression of pmlectCAT. Specifically, 0.1 g of the liver tissue was homogenized 
in the above-mentioned extraction buffer, and then centrifuged. The supernatant was taken 
and ELISA was carried out. In Hhe ELISA, CAT-ELISA kit (Roche) containing a polyclonal 
horseradish CAT-antibody was used. After the completion of reaction, a microwell plate 
reader was used at 405 nm to detect the expression of the CAT protein. 

FIG. 7 is a graph shoving the expressions of pmlectBFP and pmlectCAT that are 
transferred into a mud loach liver. As shovm in FIG. 7, both groups injected v^th BFP and 
CAT exhibit significant expression of the BFP and CAT protein. Accordingly, the lectin gene 
regulation site of a mud loach is considered to induce effectively the expression of a foreign 
gene in a mud loach liver. 

Example 2: Manufacture of an expression vector of a growth hormone gene containing the 
lectin gene regulation site of a mud loach 

1. Manufacture of an expression vector of a mud loach growth hormone gene 
containing the lectin gene regulation site of a mud loach 

The above-mentioned plasmid, pmlectP was digested with Sac 11 and Spe I to 
recover a lectin regulation site of 2.3 kb, and pBS II KS plasmid (pmlGH) containing a mud 
loach growth hormone gene was also digested with Sac 11 and Spe I . Both digested products 
were ligated to manufacture an expression vector of a mud loach growth hormone gene 
containing the lectin gene regulation site of a mud loach of 7.4 kb (pmlectmGH). FIG. 8 is a 
diagram showing a manufacturing process of the expression vector of a mud loach growth 
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hormone gene containing the lectin gene regulation site of a mud loach (pmlectmGH). 

The plasmid, pmlectmGH was introduced into E. coli XLl-Blue MRF' and deposited 
with the KCTC as accession number KCTC 10126BP on November 22, 2001 . 
2. Manufacture of an expression vector of a carp growth hormone gene containing the 
5 lectin gene regulation site of a mud loach 

(1) In order to manufacture an expression vector of a carp growth hormone gene 
containing the lectin gene regulation site of a mud loach, a carp growth hormone gene was 
separated from a carp genomic DNA by PGR. Based on the reported information of a carp 
growth hormone gene sequence, a forward primer (cGH IF) and reverse primer (cGH IR) 
10 were synthesized as follows. The primer cGH IF was synthesized with recognition site for 
Sac n at the 5'-end for easy cloning. 

cGH IF: 5'-CCG CGG ACA AAC ATT CAC AAG CTC TTA ACT AAG-3' 
(SacH) (SEQ.ID.No:14) 
cGH IR: 5'-TTC TCT ATT AAA GTT TTA AAT TGC ATC CA-3' 
^15 (SEQ.ID.No: 15) 

Using the pair of primers, PGR was carried out under the following condition: 



(Gomposition of solution for PGR) 

Distilled water 28 pi 

lOX PGR buffer with 1 5 mM MgCh (Roche) 5 fd 

20 1 OX dNTPs (each 2.5 mM) 5 pi 

5 uM of forward primer cGH IF S pi 

5 uM of reverse primer cGH IR S pi 

Taq DNA polymerase (Roche, 5 ^x[AXlpZ) 1 pi 

Template DNA (1 pg/ pi) 1 Pl 
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(Condition for PGR) 

1 cycle: Initial denaturation at 94 V. for 2 minutes 

30 cycles: Denaturation at 94 °C for 1 minute, annealing at 58 °C for 1 minute, and 
extension at 72 V for 1 minute and 30 seconds. 

1 cycle: Final extension at 72 V for 5 minutes. 

The carp growth hormone gene segment of 2.4 kb obtained by PGR was cloned into 
pGEM-T easy vector (Promega) by TA cloning to make pGEMcGH. FIG. 9 is a photograph 
showing the PGR isolation of the growth hormone gene from a carp gDNA. The DNA 
sequence of the PGR product cloned to pGEM-T easy vector was analyzed to confirm the 
correct amplification of a carp growth hormone gene. 

(2) The plasmid pGEMcGH containing a carp growth hormone gene was digested 
with SacU to obtain a carp growth hormone gene of 2.4 kb, and pmlectP was also digested 
with the same restriction enzyme. Both digested products were ligated to manufacture an 
expression vector of a carp growth hormone gene containing the lectin gene regulation site of 
a mud loach of 7,7 kb (pmlectcGH). FIG. 10 is a diagram showing a manufacturing process of 
the expression vector of a carp growth hormone gene containing the lectin gene regulation 
site of a mud loach (pmlectcGH). 

The plasmid, pmlectcGH was introduced into E. coU XL 1 -Blue MRF' and deposited 
with the KCTC as accession number KGTG 10125BP on November 22, 2001. 
Example 3: Producti on of a fast-growing transgenic mud loach and carp 
1 . Production of a fast-growing transgenic mud loach 

The expression vector of a mud loach growth hormone gene containing the lectin 
gene regulation site of a mud loach, pmlectmGH was micro-injected into fertilized eggs of a 
mud loach to confirm its ability to induce a fast-growing character. 
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(1) For micro-injection, pmlectmGH was purified and resuspended in a micro- 
injection buffer (10 mM Tris-HCl, pH 8.0; 0.1 mM EDTA, pH 8.0; 0.05 % phenol red) at 100 

fig/vd. 

Mature female and male mud loaches were intraperitoneally injected with 6~8 lU/g 
5 of HCG (human chorionic gonadotropin) and placed at 25 °C for 12 hours. After 12 hours, 
testis was extracted from the male mud loach with abdominal incision, cut and diluted to 
ix 10^ cellsM in 0.85 % NaCl solution to be placed at 4 °C. Eggs were collected from the 
female mud loach under abdominal pressure. 1000 eggs were mixed with 300 fd of the 
y diluted semen solution and the mixture was added with 1 of water at 25 V to be fertilized, 
fio The fertilized eggs were washed twice with 50 of water at 25 °C and moved into an 
^ aquarium at 25 V. When the fertilized eggs began to cleavage and came to the first stage, the 
temperature of water was lowered to 12 °C to defer the cleavage and the prepared buffer 
solution containing pmlectmGH was micro-injected into the fertilized eggs. The micro- 
injected eggs were moved into an aquarium at 25 °C to be hatched. 
15 (2) The hatched mud loaches were raised for 2 months and the mud loaches 

transformed with pmlectmGH were collected from all the 2 month-old mud loaches through 
PGR analysis. The primers for the PGR analysis were the forward primer lectP 2FW 
complementary to the mud loach lectin promoter and the reverse primer mlGH 3R 
complementary to the mud loach growth hormone gene. 
20 lecP 2FW: 5'-GTT ATG GAG TCC CTC CCA C-3 ' (SEQ. ED. No: 1 6) 

mlGH 3R: 5'-CAG CCA GCT GGT GCA GGT G-3' (SEQ. ID. No: 17) 
Using the pair of primers, PGR was carried out under the following condition: 
(Composition of solution for PGR) 



Distilled water 28 fd 

1 OX PGR buffer with 1 5 mM MgCb (Roche) 5 id 

1 OX dNTPs (each 2.5 mM) 5 id 

5 uM of forward primer lecP 2F 5 id 

5 uM of reverse primer mlGH 3R 5 id 

Taq DNA polymerase (Roche, 5 \xmXlid) _ 1 id 

Template DNA (1 iig/ id) 1 id 
(Condition for PGR) 



1 cycle: Initial denaturation at 94 °C for 2 minutes 

30 cycles: Denaturation at 94 °C for 1 minute, annealing at 58 V, for 1 minute, and 
extension at 72 °C for 1 minute and 30 seconds. 

1 cycle: Final extension at 72 "C for 5 minutes. 

Table 1 shows the distribution of body weights in the group of mud loaches injected 
with pmlectmGH and the control group of mud loaches at two months after being hatched. 



Table 1 . 



Body Weight 


Number of mud loaches 


Non-iniected 


PmlectmOH-injected 


0.0-1.0 


144 


78 


1.1-2.0 


221 


138 


2.1-3.0 


365 


209 


3.1-4.0 


109 


121 


4.1-5.0 


12 


38 


5.1-6.0 


0 


16 


6.1-7.0 


0 


96 


7.1-8.0 


0 


11 


8.1-9.0 


0 


14 


9.1-10.0 


0 


18 


10.1-12.0 


0 


15 


12.1-14.0 


0 


24 


14.1-16.0 


0 


18 


16.1-18.0 


0 


1 
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18.1-20.0 


0 


1 


20.1-22.0 


0 


0 


22.1-24.0 


0 


1 


24.1-26.0 


0 


0 


26.1-28.0 


0 


0 


28.1-30.0 


0 


0 


30.1-32.0 


0 


0 


32.1-34.0 


0 


0 


34.1- 


0 


0 


Total 


851 


799 



As shown in Table 1, the control group represents a typical normal distribution while 
the pmlectmGH-injected group has some population having heavy weights deviated from a 
normal distribution. Most of the mud loaches having heavy weight are found to be a 
transgenic population, which explains the accelerated growth due to the expression vector of 
a growth hormone gene containing the lectin gene regulation site of a mud loach according to 
the present invention. 

Further, the transgenic mud loaches and control group of two montiis old were 
carried out a fluorescent marking of different colors (Northwest Marine Technology Inc., 
USA) and were taken to the same aquarium at 25 °C. The mud loaches were fed with 
commercial carp fodder (39 % protein) and the increase of their body weight were measured 
until nine months after being hatched. As a result, the transgenic group shows an accelerated 
increase of body weight seven times as high as the control group. Specifically, at the end of 
the experiment the mean body weight of the control group was 12± 2 g while that of the 
pmlectmGH-injected group was 89± 14 g. FIG. 11 is a photograph showing the pmlectmGH- 
transgenic mud loach of eight months old compared with its normal mud loach sibUng. 

(3) Among the first generation of the transgenic mud loaches, seven males were 
selected by random sampling to find the transfer of the mjected gene to the next generation. 
Specifically, after an artificial fertilization of the sperm samples collected from seven 
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transgenic males and two noraial males according to the process described in (1) and the eggs 
obtained from normal female mud loaches, the fertilization rate, hatching rate and early 
survival rate were measured. As a result, the eggs-fertilized with the transgenic males show 
89-94 % of fertilization rate, 83~90 % of hatching rate and 82 ~ 91 % of early survival 
5 rate, which has no difference with those of the control group (p>0.05). PGR was carried out to 
20-30 newly hatched mud loaches randomly collected to measure tiie incidence of transgenic 
progeny. Table 2 shows the aspect of gene transfer in pmlectmGH from the transgenic FO mud 
loaches to the Fl generation. In Table 2, the early survival means the survival rate of newly 
hatched fishes until tiie vitelline imbibition. 

rlio 

%^ 

r Table 2 



Experimental 


Fertilization 


Hatching 


Early 


Incidence of 


male 


rate 


success 


survival 


Transgenic 




(%) 


(%) 


(%) 


progeny (%) 


CON Ml 


91+ 4 


85+ 6 


82+ 4 


0 


CONM2 


92± 3 


89+ 4 


88± 3 


0 


TGM#1 


93+ 5 


84+ 3 


84+ 6 


27± 4 


TGM#2 


89+ 4 


83± 5 


88+ 3 


38± 4 


TGM#3 


92± 3 


90± 5 


82± 5 


32+ 2 


TGM#4 


94± 3 


89± 3 


90± 4 


42+ 1 


TGM#5 


90± 5 


86± 6 


91± 5 


26+ 4 



As shown in Table 2, five of the seven transgenic mud loaches injected with 
pmlectinGH transferred the genes to the next generation and the incidences of transgenic 
15 progeny had various values from 26 % to 42 %, which has shown mosaic form of the first FO 
transgenic mud loaches. 

(4) Among the six Fl populations produced by the process of (2), 30 % high-ranking 
mud loaches were selected separately at one, two and three weeks after being hatched to 
collect 60-70 fast-growing ttansgenic mud loaches by each group. Examination of the growUi 



of each system by two repetitions (22 mud loaches per repetition) showed that all the six 
transgenic popiilations came to a commercially available size (10-12 g) within 2-3 months 
while the control groups came to the commercially available size by 9 months. At the time 
stage when the transgenic groups come to the commercially available size, the six transgenic 
5 populations showed 6-10 times accelerated growth rate compared with the control groups. 

(5) For three systems of the transgenic Fl mud loaches, feed conversion efficiency 
was measxired and compared with control groups. Eighteen transgenic mud loaches and the 
same number of normal mud loaches were raised in three repetitive 200 i, aquariums fed 
U with commercial carp fodder. To calculate the feed conversion efficiency, the increment of 
p;|10 body weight (g) per the amount of fodder supplied to the groups was measured for eight 
J-pf weeks. The temperature of the aquarium was maintained at 25 and a circulating filtration 

m 

&i system was used to supply the same quality of water to aU the repeating aquariums. The 
ry fodder was given ten times a day from nine a.m. to seven p.m. with satiety. 
J;." FIG. 12 is a graph showing the feed conversion efficiency of the pmlectmGH- 

15 transgenic mud loach and non-transgenic sibling group. As shown in FIG. 12, the feed 
conversion efficiencies of transgenic mud loaches appears to be about 1.5 times higher than 
those of non-transgenic sibling groups, which shows the effect of the present invention. 
2. Production of a fast-growing transgenic carp 

In order for the lectin gene promoter of a mud loach to work on other fishes such as 
20 carp, the expression vector containing the lectin gene promoter of a mud loach with a carp 
growth hormone gene (pmlectcGH) was injected into fertilized eggs of a carp. The examples 
and analyses are as follows. 

(1) Artificial fertilization of eggs and sperms obtained from a mature female and 
male carp was carried out as follows: 500 fd of carp semen diluted in 0.85 % NaCl at the 



ratio of 1 :5 was mixed with 500 caip eggs and the mixture was added with 10 of water at 
25 °C to be fertilized. The fertilized eggs were washed with 100 vd of water and moved into 
an aquarium at 25 V. When the developmental stage came to the first stage, the fertilized 
eggs were moved into an aquarium maintained at 12 t: to defer the cleavage and the micro- 
5 injection of pmlectcGH was carried out. The micro-injection was carried out according to the 
same process as described in the production of a fast- growing mud loach. 

(2) At 1 month after being hatched, the distribution of body weight was examined 
between the injected groups and control groups. Among the injected groups, the population 
2 ^^viated from a normal distribution were collected and PGR analysis was carried out to 
* K) confirm their transformation. The primers for the PGR analysis were the forward primer lectP 
I': complementary to the mud loach lectin promoter and the reverse primer cGH 2R 

complementary to the carp growth hormone gene. 

lecP 2FW: 5'-GTT ATG GAG TCC GTC GGA G-3' (SEQ. ID. No: 16) 
pj cGH 2R: 5'-AGA AGA GCT GGA GGA GGT GGG TG-3' (SEQ. ID. No: 1 8) 

Using the pair of primers, PGR was carried out under the following condition: 



(Composition of solution for PGR) 

Distilled water 28 fd 

1 OX PGR buffer with 1 5 mM MgCh (Roche) 5 /d 

1 OX dNTPs (each 2.5 mM) 5 fd 

20 5 uM of forward primer lecP IF 5 fd 

5 uM of reverse primer cGH 2R 5 fd 

Taq DNA polymerase (Roche, 5 umi/fd) 1 fd 

Template DNA (1 us/fd) 1 fd 
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(Condition for PGR) 

1 cycle: Initial denaturation at 94 °C for 2 minutes 

30 cycles: Denaturation at 94 °C for 1 minute, annealing at 58 °C for 1 minute, and 
extension at 72 V for 1 minute and 30 seconds. 

1 cycle: Final extension at 72 °C for 5 minutes. 

As a result, the incidence of the fast-growing individuals which laid outside a normal 
distribution of carp body weights was 23 % (179/789) of total micro-injected groups. PGR 
analysis of the fast-growing population showed that 98 % of them were transgenic carp 
containing pmlectcGH in their blood or fin, which indicated growth acceleration due to the 
micro-injection of the expression vector of growth hormone according to the present 
invention. FIG. 13 is a photograph showing the PGR analysis of a fast-growing carp group 
that is deviated from a normal distribution in the pmlectcGH-transgenic group. 

(3) Thirty transgenic carp were randomly selected from the FO generation at four 
months after hatch, and each 10 transgenic individuals was allocated into one of triplicate 
tanks (2x4 m^) with same number of non-transgenic control fish. Gommunal culture was 
performed to examine the growth of transgenic and non-transgenic fish until seven months 
post hatch. Similar quality of water was supplied using water-recirculating system and the 
water temperature was 25 °C through the growth trial. Gumulative survival rate of the two 
groups showed no significant difference and both groups showed not less than 95 % survival 
rates (p>0.05). The transgenic carp groups showed significant increase of body weight, which 
were observed in 30 days after the beginning of the experiment. At the last seventh month, 
there was at least 3 times of difference in mean body weight between the two groups. FIG. 14 
is a photograph showing the pmlectcGH-transgenic carp of seven months old compared with 
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its nonnal carp sibling, and FIG. 15 is a graph showing the growth curve of the pmlectcGH- 
transgenic carp group and non-transgenic sibling group. 

As described above, the expression vector containing the lectin gene regulation site 
of a mud loach is available to express a wide variety of proteins in a mud loach or carp body. 
Especially, the expression vector of growth hormone gene containing the lectin gene 
regulation site of a mud loach is useful to produce a transgenic mud loach or carp which 
shows a stabilized improvement of growth rate without such adverse ejffect as excessive 
growth acceleration and has a significantly improved feed conversion efficiency, therefore, 
improving the culturing productivity. 
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